Recurrent Clostridium difficile infection (CDI) is one of the most difficult problems in healthcare infection control. We evaluated the risk factors associated with recurrence in patients with CDI. A retrospective cohort study of 84 patients with CDI from December 2008 through October 2010 was performed at Pusan National University Yangsan Hospital. Recurrence occurred in 13.1% (11/84) of the cases and in-hospital mortality rate was 7.1% (6/84). Stool colonization with vancomycin-resistant enterococci (VRE) (P = 0.006), exposure to more than 3 antibiotics (P = 0.009), low hemoglobin levels (P = 0.025) and continued use of previous antibiotics (P = 0.05) were found to be more frequent in the recurrent group. Multivariate analysis indicated that, stool VRE colonization was independently associated with CDI recurrence (odds ratio, 14.519; 95% confidence interval, 1.157-182.229; P = 0.038). This result suggests that stool VRE colonization is a significant risk factor for CDI recurrence.
INTRODUCTION
Clostridium difficile infection (CDI) is one of the leading causes of nosocomial illness, and the incidence and severity of CDI have increased since 2000 (1) . Most patients with CDI respond well to medical therapy including withdrawal of antibiotics and treatment with metronidazole or vancomycin. However, up to 30% of patients experience CDI recurrence (2) . We retrospectively studied a cohort of patients with CDI at our institution and identified risk factors associated with recurrence. The purpose of this study was to identify patients at risk for recurrent CDI who may benefit from early preventive measures and therapeutic interventions.
MATERIALS AND METHODS

Identification of subjects and data collection
This retrospective study was performed at Pusan National University Yangsan Hospital, a 700-bed teaching hospital, between December 2008 and October 2010. All medical records were reviewed for patients who had been tested by analysis of stool cultures or toxin assays. In addition, all patients diagnosed with CDI, pseudomembranous colitis, or diarrhea were reviewed.
The exclusion criteria applied were: age of < 15 yr, failure to follow-up before completion of CDI treatment, presence of any other cause of diarrhea (such as laxative use), presence of any other diarrhea-causing pathogens, and inflammatory bowel disease.
Clinical data, including demographic information, comorbidities, prior therapeutic interventions (history of abdominal surgery within a month before CDI diagnosis, mechanical ventilation, or tube feeding before or during the treatment of CDI), recent medications within 30 days of diagnosis of CDI, the number and type of antibiotics prescribed before diagnosis of CDI, laboratory parameters, acid suppressive therapy, concurrent use of probiotics, therapy prescribed for CDI (discontinuation of antibiotics within 3 days of CDI diagnosis, metronidazole or oral vancomycin), and clinical outcomes were obtained from medical records. After excluding mortality cases, patients were classified into a recurrent group and non-recurrent group, based on recurrence within 60 days of cure.
Definitions
The diagnosis of CDI should include the following findings: 1) the presence of diarrhea, defined as passage of 3 or more unformed stools within 24 or fewer consecutive hours; and 2) a positive stool test result for the presence of toxigenic C. difficile or its toxins or colonoscopic or histopathological confirmation of pseudomembranous colitis (1) . CDI was categorized according to the SHEA/IDSA guidelines (1): 1) healthcare facility (HCF)-onset HCF-associated CDI; 2) community-onset HCF-associated CDI; and 3) community-associated CDI. A score developed by Charlson et al. (3) , was used to evaluate the prognosis based on age and comorbidities. CDI was considered severe if one of the following factors was found to be present: 1) leukocytosis with a white blood cell count of ≥ 15,000 cells/μL; or 2) a serum creatinine level of ≥ 1.5 times the premorbid level (1) . Patients were regarded as cured when stool frequencies and consistencies were normal for at least 3 consecutive days. Recurrence was defined as the reappearance of either a symptom or a positive toxin assay within 60 days of the treatment. Treatment with proton pump inhibitors (PPIs) or histamine H2-blockers was defined as at least 3 days of treatment before the development of CDI, and continuous use thereafter. CDI-related mortality was defined as death that occurred during the treatment period with concurrent signs of CDI.
Statistical analysis
All data are presented as median and range. Comparisons between groups were performed using the Fisher exact test for categorical variables and the Mann-Whitney U-test for continuous variables. The relative risk of recurrence was calculated using a multivariate logistic regression. We simultaneously entered potential confounding variables with a P value of less than 0.1 in the univariate analysis in the final regression model. For all analyses, a P value less than 0.05 was considered statistically significant. Statistical analysis was performed using SPSS version 10.0 (SPSS Inc., Chicago, IL, USA).
Ethics statement
This study was approved by the institutional review board of Pusan National University Yangsan Hospital (IRB approval number: 2010-068). Informed consent was waived by the board.
RESULTS
Demographic characteristics, clinical characteristics, and clinical course in patients with CDI A total of 84 patients with CDI were identified during the study period: 59 (70.2%) were HCF-onset HCF-associated infections; 19 (22.6%), community-onset HCF-associated infections; and 6 (7.1%), community-associated infections ( Table 1 ). The median age of the patients was 62.5 yr (range, 15-84). Forty-four patients were male and 40 were female. The median duration of hospitalization before the diagnosis of CDI was 10 days (range, 0-198) and 14 days (range, 2-198) in HCF-onset cases.
Seventy-two patients (85.7%) were treated with antibiotics. The most common antibiotics administered before diagnosis of CDI were third-generation cephalosporins (39.3%) and fluoroquinolones (39.3%) ( Table 2 ). The main causes of previous anti- biotic prescription were pneumonia (28.6%), intra-abdominal infection (13.1%), and urinary tract infection (10.7%). Stool vancomycin-resistant enterococci (VRE) colonization was identified in 8 patients (9.5%) at the time of treatment initiation. Among the recurrent group, 1 patient's baseline culture was negative for VRE, and new detection of VRE stool colonization was identified after completion of antimicrobial therapy for CDI. We considered this new detection case as a preexisting VRE negative. No VRE infections occurred in any of the patients during the treatment and follow-up.
The in-hospital mortality rate was 7.1% (6/84), and none of these cases was related to CDI. Eleven patients (13.1%) experienced recurrence (recurrent group) within 60 days of cure, and 67 (79.8%) did not experience recurrence (non-recurrent group).
Treatment, complications, and outcomes of CDI Fourteen patients (16.7%) were not treated due to a self-limiting course (Table 3) . Metronidazole was the initial therapeutic regimen for the remaining 70 patients (83.3%). Oral vancomycin was substituted thereafter for 2 patients because of unsatisfactory responses to metronidazole therapy. Only 3 patients (27.3%) were able to stop using previous non-C. difficile antibiotics in the recurrent group, while 41 patients (61.2%) stopped antibiotics after CDI diagnosis in the non-recurrent group (P = 0.05).
Three patients were treated at an outpatient clinic. Among the hospitalized patients, the median hospital stay was 28 days (range, 1-350 days). The recurrent group required prolonged hospitalization during first CDI episode (median 77.5 days vs 22 days; P = 0.002). The 2 study groups were similar in terms of the time lag for recovery, CDI severity and complications such as acute kidney injury or shock. Risk factors for recurrence of CDI There was no significant difference in age, gender, comorbidity, recent therapeutic interventions and medications between the 2 groups (Table 1) . Even though statistically significant differences were not observed, more patients of the recurrent group had underlying pulmonary disease (18.2% vs 3%, P = 0.093) and chemotherapy history (27.3% vs 6%, P = 0.054) as compared to the non-recurrent group. The length of stay before CDI diagnosis, tube feeding, gastric acid suppression, and concurrent use of probiotics were not found to be significantly associated with recurrence. The patients with CDI recurrence had greater prevalence of preexisting stool VRE colonization (36.4% vs 4.5%, P = 0.006).
With regard to antimicrobial therapy, patients who received more than 3 antibiotics were more common in the recurrent group as compared to the non-recurrent group (63.6% vs 22.4%, P = 0.009) ( Table 2) . In contrast to a previous study (4), fluoroquinolone exposure was found to be not significantly different between the 2 groups. Patients treated for pneumonia were more commonly found in the recurrent group as compared to the nonrecurrent group (54.5% vs 23.9%, P = 0.065), although this observation was not statistically significant.
The white blood cell count, the levels of serum albumin, and the levels of C-reactive protein at diagnosis were not significantly different between the 2 groups. However, the hemoglobin level was significantly low in the recurrent group (P = 0.025) ( Table 3) .
Multivariate analysis showed that stool VRE colonization (odds ratio [OR], 14.519; 95% confidence interval [CI], 1.157-182.229; P = 0.038) was the only independent and significant risk factor for CDI recurrence (Table 4) .
DISCUSSION
Despite an initial successful response, CDI recurs in 15%-30% of the cases (2) . Recurrence typically occurs within 1 to 3 weeks after completion of treatment, but late recurrences of up to 2 months are not infrequent (2, 5, 6) . In this study, 13.1% of pa- tients experienced recurrence within 60 days. This rate is lower than those in other Western studies, but is higher than those in previous Korean reports (1.2%-12%) (7-9). Risk factors for recurrent CDI described in previous studies include old age (6, 10, 11), low serum albumin level (11) , poor quality-of-health index (6), fecal incontinence (12), lower levels of immunoglobulin against toxin B or toxin A (13, 14) , infection with the B1/NAP1/027 strain (14) , hospital-acquired disease (15) , history of surgery (16) , concomitant treatment with antacid medication (10) (11) (12) , continued treatment with non-C. difficile antibiotics after CDI (5, 10) , and fluoroquinolone use (4). These studies did not identify an association between stool VRE colonization and recurrent CDI. To the best of our knowledge, the present study is the first investigation of the effect of stool VRE colonization on the recurrence of CDI. Interestingly, stool VRE colonization was found to be the only reliable risk factor for recurrence of CDI. Our results suggest a link between colonization of stool with VRE and recurrent CDI.
VRE-colonized patients with CDI have an increased risk of skin contamination and environmental shedding of VRE (17) (18) (19) . In previous reports (18, 19) , VRE colonized patients with diarrhea have an increased prevalence of environmental VRE contamination. Moreover, Sethi et al. (17) showed that treatment of CDI with metronidazole or vancomycin may promote transmission of VRE, by promoting persistent high-density colonization of VRE. It is interesting to note that shedding of VRE remained common even after diarrhea was resolved (17) . Therefore, patients with stool colonization of VRE require careful medical supervision if they exhibit CDI symptoms such as diarrhea. There is a concern that oral vancomycin may be more likely to promote acquisition and overgrowth of VRE (20, 21) . Because multiple genes are necessary to generate vancomycin resistance in enterococci, acquisition of VRE colonization does not occur via mutations in the susceptible enterococci in the intestinal tract. Rather, selective pressure exerted by oral vancomycin may facilitate the exogenous acquisition of VRE or the transfer of vancomycin resistance genes from other organisms to the enterococci in the intestinal tract (22, 23) . However, several studies have failed to identify an increased risk of VRE emergence in patients treated with oral vancomycin (21, 24, 25) . Similarly, newly detected VRE colonization was found to be uncommon in this study (with only a single case observed). It should be noted that we did not routinely monitor stool VRE colonization after recovery from CDI.
In this study, it appears that patients colonized with VRE may be at an increased risk for CDI recurrence. We cannot conclusively state that stool VRE colonization is responsible for the recurrence of CDI because many patients of the recurrent group had multiple severe coexisting conditions. C. difficile and VRE have emerged as major nosocomial pathogens that require rigorous monitoring and control. VRE and C. difficile share risk factors and putative causes, such as antimicrobial therapy and prolonged hospitalization (26) . Stool VRE colonization may represent the final consequence of several CDI risk factors. However, VRE colonization has remained a significant risk factor after adjusting for confounding variables such as the number of antibiotics and duration of hospitalization in this study. Our results suggest that gastrointestinal bacterial colonization plays an important role in the development of recurrent CDI. Although the pathogenesis of CDI recurrence is poorly understood, it has been proposed to involve alterations of constituents of normal bowel flora (27, 28) . We cautiously propose that patients with stool VRE colonization are more prone to experience alterations of the bowel flora after CDI.
This study has several limitations. First, this is a single center study with a relatively small number of patients. Second, we could not evaluate the effect of the initial regimen on CDI recurrence. Studies have shown that the rates of treatment failure and recurrence are greater for patients initially treated with metronidazole than for patients initially treated with vancomycin (29) . Except for the untreated patients, all patients in this study were initially treated with metronidazole. Two patients whose treatment was switched to vancomycin did not experience recurrence. Therefore, we cannot evaluate the effect of the initial treatment regimen in this study. Third, we were unable to perform ribotyping of stool C. difficile isolates. Therefore, we could not differentiate between reinfection and recurrence. In addition, we cannot rule out the possibility that the B1/NAP/027 strain existed in our cohort. The first case of isolation of C. difficile PCR ribotype 027 in Korea was recently reported in a patient with refractory CDI (30) . Finally, this study may be affected by all of the limitations of a retrospective design. Further prospective studies may be needed to provide further confirmation of our results. Although the results do not allow us to conclude that stool VRE colonization increases CDI recurrence, further prospective studies with a larger number of patients should be performed to validate this relationship and the pathophysiology between VRE colonization and recurrent CDI.
In conclusion, stool VRE colonization appears to be an independent risk factor for CDI recurrence. Preventing initial acquisition of VRE and C. difficile, both in terms of VRE and CDI control, should be emphasized.
